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Abstract: In this paper, 2-elements and 4-elements substrate integrated waveguide (SIW) 
based leaky-wave array antennas are presented and their performances are compared. The 
enhanced gain and scan angles for 2-elements are 15.4 dBi and 45? respectively and for 4- 
elements the same is 18.4 dBi and 30? respectively. In the final design of 4-elements array 
antenna, sinusoidal variation of slot length is used to reduce the side lobe level (SLL). A 1x4 
cascaded SIW power divider with effective matching port is used to feed the antenna. 
Simulations of the antennas are carried out using HFSS software and presented here. 
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Definition 


Leaky Wave Antennas (LWAs) (IEEE Standard 145-1993) 


“An antenna that couples power in small increments per unit length either 
continuously or discretely from a travelling wave structure to free space" [1-2]. 
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» Leaky-wave antenna belongs to the traveling-wave antenna family. 
» Propagation wavenumber is a complex number. 

> The phase constant p of the wave controls the beam angle. 

> The attenuation constant a controls the beamwidth. 
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LWA classifications 





Based on beam scan: 

e Forward beam scanning 

e Forward/Backward beam scanning 
e  |D-2D beam scanning 

Based on beam shape: 

* Fan beam 

* Pencil beam 

*  Conical beam 

* Wide beam 

Based on geometry: 





*  Uni-dimentional (uinform/periodic) 


* MBi-dimentional(1D array/2D array) m 
— 7T 

*  Tapered/Nontapered 

*  Straight/Curved geometry. M 


Based on waveguiding structures: Na 
e Metallic, Hybrid, Dielectric, Printed, Planar waveguides — LÈ, 
e  Basically-closed/Basically-open structures w PL 


* Microwave/Millimeter-wave guides 


=> 
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Advantages and applications 


Advantages 


» Simple feed-network and easy matching at input and output. 

> Beams of different shapes i.e. conical, fan, pencil beams etc. 

> Can provide very narrow beams. 

> Beam scanning (from backward to forward quadrant). 

» Can be flush mounted (e,g with missile body). 

» Directivity and scanning performances can be comparable 
to those of array antenna. 


Applications 
LWAs can find application in various wireless links (control and 


monitor systems, WLAN, Radar etc.) particularly in the microwave 
and mm-wave ranges, Automotive collision avoidance applications. 
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Substrate Integrated Waveguide (SIW) 


Substrate Integrated Waveguide is an attractive technology which incorporates 


waveguide circuits in planar form by incorporating rows of metallic vias to 
implement the side wall of the waveguide. 
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1x2 Y-Type SIW Power Divider 
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Magnitude (dB) 
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Design 1 





Q2 elements STW based LWAs array. 
U 1x2 Y-type SIW power divider. 


L] Proposed geometry specification 





frequency range : X- band 
substrate type : polyethylene 
substrate height (h) : 1mm 
dielectric constant (€,) : 2.25 
tanò : 0.001 

length of the radiator — 10A, 








Q Periodicity of the slots is chosen as about 1/13 of the guided wavelength to avoid 
multi-beam operation. 

Qa= 10.5 mm, l slot=4.55mm, d=2.5mm, w_slot = 0.45mm, s=1.6mm, r=0.4mm, 
g-5.71mm 


=> 
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Floquet's Theorem for 
Periodic Structures 





Floquet's theorem says, in a periodic system, for a given mode of propagation at a 
given steadystate frequency, the fields at one cross section differ from those one 
period (or an integer multiple of periods) away by only a complex constant . 
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here ‘n’ no. of spatial floquet harmonics 
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contd.. Broadside 
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Q,, is the angle of maximum beam direction measured from broadside to end-fire 
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contd.. Design 2 
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L] 4-elements SIW based LWAs array. 

L] 1x4 cascaded SIW power dividers. 

Q The sinusoidal variation of slots amplitude with 
aperture field distribution 

L) Better side-lobe level (SLL) than before. 











Presented By: Anirban Sarkar 





v percurrere ree E creo 
^ “ay” z à am pat 


. SJ'aata 
$5 


Magnitude (dB) 


| — 8, (Antenna), | 


S, " (Antenna2) 





S,, (Antenna2) 
lan 10.5 11.0 11.5 12.0 
Frequency (GHz) 


Presented By: Anirban Sarkar 






Radiation Patterns 
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3-D Polar Plot of Radiation Patterns 
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Conclusion 





» In this proposed design a 1x4 cascaded SIW power divider fed leaky- 
wave antenna is introduced. 


>» By transforming the design from 1x2 to 1x4, gain is enhanced by 3 dB with 
acceptable SLL. 


» Due to the mutual coupling between the two adjacent elements with periodic 
slots, design limits the frequency scan range of 45° to 30°. 


> The proposed design is low profile, low cost and can be easily integrated 
into microwave and mm-wave circuits. 
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